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Serum  Antibody  to  Pseudomonas  aeruginosa  Exotoxin 
Measured  by  a Passive  Hemagglutination  Assay1 
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A passive  hemagglutination  iPHAi  assay  for  antibody  to  Pseudomonas 
aeruginosa  exotoxin  is  described  which  utilizes  chromic  chloride-treated  ovine 
erythrocytes  coated  with  purified  toxin.  PHA  antitoxin  titers  correlated  well 
with  those  obtained  by  a cytotoxicity  neutralization  assay  (r  = 0.91,  P < 0.001 1, 
whereas  the  PHA  assay  was  four  to  eight  times  as  sensitive.  The  mean  serum 
PHA  titer  of  16  patients  convalescing  from  recent  pseudomonas  infections  (log;. 

= 9.4  ± 3.9)  was  significantly  higher  (P  < 0.001 1 than  that  of  17  healthy  controls 
(2.8  ± 2.6),  and  fourfold  or  greater  rises  were  demonstrated  in  5 of  7 patients 
examined  sequentially.  The  lower  levels  of  PHA  antibody  in  sera  from  11  of  17 
controls  suggested  the  acquisition  of  antitoxin  secondary  to  asymptomatic  infec- 


tion. 


A pathogenic  role  is  suspected  for  the  exo- 
toxin produced  in  vitro  by  the  majority  of  clini- 
cal Pseudomonas  aeruginosa  strains  represent- 
ing all  immunotypes  (5>.  The  demonstration  of 
serum  antitoxin  in  high  titer  in  convalescent 
patients  by  a previously  described  cytotoxicity 
neutralization  (CTNi  assay  indicates  the  in 
vivo  release  of  exotoxin  during  pseudomonas 
infections  <4i.  The  OTN  assay  requires  tissue 
culture  facilities,  the  use  of  a radioactive  label, 
and  several  days  to  perform. 

We  describe  here  a new  passive  hemaggluti- 
nation (PHAi  assay  for  antibody  to  pseudomo- 
nas exotoxin  that  utilizes  chromic  chloride- 
treated  ovine  erythrocytes  (SRBO  sensitized 
with  purified  toxin.  This  assay  is  simpler,  more 
rapid,  and  more  sensitive  than  the  OTN  assay 
and  yields  parallel  results.  Its  applicability  in 
the  study  of  serum  antitoxin  in  patients  is  dem- 
onstrated, and  its  possible  diagnostic  useful- 
ness as  a substitute  for  the  OTN  assay  is  sug- 
gested. 

MATERIALS  AND  METHODS 

Toxin.  F.xotoxin  produced  by  P aeruginosa  PA 
103  was  purified  as  previously  described  (1,  2i.  The 
material  used  to  coat  SRBC  migrated  as  a single 
band  on  analytical  polyacrylamide  gel  electrophore- 
sis. yielded  a single  precipitin  line  when  reacted 
with  antiserum  to  crude  toxin  by  immunodiffusion, 
and  had  a 60-ng  mean  lethal  dose  for  20-g  mice. 

Antitoxin  sera.  Rabbit  hyperimmune  antitoxin 
sera  were  produced  as  described  (4).  An  adult  mal.‘ 
goat  and  sheep  each  received  six  weekly  intravenous 
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doses  of  25  pg  of  purified  exotoxin  and  a single 
subcutaneous  booster  dose  consisting  of  50  pg  of 
toxin  in  Freund  incomplete  adjuvant  Exotoxin-neu- 
iralmng  antibody  was  measured  by  a CTN  assay 
( 4 ) . The  hyperimmune  sheep  serum  was  employed 
as  a reference  antitoxin-containing  serum  through- 
out 

Sensitization  and  coating  of  SRBC.  Fresh  SRBC. 
60f  i vol/ vol  i in  Alsever  solution  I Microbiological 
Associates.  Bethesda.  Md.i.  were  sensitized  using 
chromic  chloride  according  to  the  method  of  Gold 
and  Fudenberg  <3i.  with  the  following  modifica- 
tions. The  ratio  of  SRBC  to  0.05S  chromic  chloride 
to  antigen  in  the  sensitizing-coating  mixture  was 
1:2:2  (by  volume'.  The  sensitized  SRBC  were  sus- 
pended in  Veronal-buffered  saline  (Iff.  vol, 'vol  > with 
Iff  bovine  serum  albumin.  pH  7.3  to  7.4  iVBS/BSA' 
for  use  in  the  PHA  assay  Unsensitized  control  cells 
were  prepared  in  the  same  manner  except  that  no 
toxin  was  present  in  the  sensitizing  mixture. 

PHA  assay.  Twofold  dilutions  of  test  sera  were 
carried  out  manually  in  test  tubes  to  an  initial  dilu- 
tion of  1:16,  and  subsequent  dilutions  were  done  in 
microtiter  plates  with  V-shaped  wells  using  50-pl 
mirrodiluters  (Microbiological  Associates',  with 
VBS/BSA  as  the  diluent  An  equal  volume  (50  pi'  of 
a If  suspension  of  sensitized  or  unsensitized  SRBC 
was  then  added  to  each  well,  the  plates  were  shaken 
on  a Vortex-  mixer,  and  the  cells  were  allowed  to 
settle  overnight.  Hemagglutination  end  points  were 
read  before  and  after  tilting  the  microtiter  plates 
at  an  80°  angle  for  4 to  5 min.  Although  there  was 
close  correlation  between  the  two  plate-reading 
methods,  tilting  produced  rapid  "runoff"  of  unagglu- 
tinated SRBC  from  the  bottoms  of  wells,  in  contrast 
to  the  compact,  stationary  buttons  produced  by  ag- 
glutinated cells:  this  procedure  allowed  clearer  end 
points  and  slightly  greater  sensitivity  (6).  Control 
wells  contained  serial  dilutions  of  patients'  sera  plus 
unsensitized  SRBC.  unsensitized  or  sensitized  cells 
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plus  buffer,  and  serial  twofold  dilutions  of  a stan- 
dard sheep  antitoxin-containing  reference  serum 
plus  sensitized  cells. 

Patients'  sera.  Sera  were  obtained  from  patients 
convalescing  from  pseudomonas  infections  at  the 
National  Naval  Medical  Center  and  from  the  Na- 
tional Institutes  of  Health.  Bethesda,  Md.  (the  lat- 
ter courtesy  of  Herbert  Y.  Reynolds).  In  all  cases, 
infections  were  documented  by  positive  blood  or 
other  appropriate  cultures  and  clinical  data.  Serum 
was  inactivated  at  56°C  for  30  min  and  then  ab- 
sorbed with  unsensitized  SRBC  to  eliminate  nonspe- 
cific (heterophilel  antibodies  that  were  present  in 
low  titer  in  many  patients'  sera.  The  latter  proce- 
dure was  performed  in  the  following  manner.  Fresh 
SRBC  were  washed  three  times  in  physiological  sa- 
line. 0.1  ml  of  packed  cells  was  added  to  1.0  ml  of 
serum,  and  the  suspension  was  incubated  at  37‘C  for 
1 h with  frequent  mixing  and  then  chilled  for  1 
additional  h at  4°C. 

Fractionation  and  2-mercaptoethanol  treatment 
of  sera.  Acute  and  convalescent  sera  from  several 
patients  were  fractionated  and  treated  with  2-rocr- 
captoethanol  12-MKi  to  identify  which  major  immu- 
noglobulin classes  PHA  antibodies  were  associated 
with.  Three  milliliters  of  whole  serum  was  dialyzed 
against  0.14  M trisihydroxymethvliaminomethane 
buffer,  pH  8.0,  applied  to  a Sephadex  G-200  column 
(2.5  by  85  cm;  Pharmacia,  Piscataway.  N.J.I 
and  eluted  with  trislhvdroxymethyllaminomethane 
buffer,  and  the  protein  content  of  each  3-ml  fraction 
was  estimated  by  measuring  optical  density  at  a 
wavelength  of  280  nm  To  0.5-ml  portions  from  each 
fraction,  representing  three  major  protein  peaks, 
was  added  0.5  ml  of  0.2  M 2-ME  in  phosphate- 
buffered  saline,  pH  7.3,  and  the  mixture  was 
allowed  to  incubate  at  room  temperature  overnight. 
2-ME-treated  and  untreated  fractions  were  then 
assayed  by  PHA  for  antitoxin 

Statistics.  P values  were  determined  bv  a two- 
tailed  Student's  t test.  The  linear  regression  analy- 
sis was  performed  by  the  method  of  least  squares, 
and  the  validity  of  fit  was  determined  by  the  linear 
correlation  coefficient  r.  The  significance  of  r was 
computed  by  a two-tailed  Student's  t test  using  the 
statistic  t tr\  n 2i  i\  1 r l. 

RKSILTS 

Sensitization  of  SRBC  was  successfully  car- 
ried out  using  the  chromium  chloride  method 
described  and  small  concentrations  of  purified 
exotoxin-  As  indicated  in  Table  1,  the  concen- 
tration of  exotoxin  used  to  sensitize  the  SRBC 
was  critical;  a dilute  solution  containing  70  /xgl 
ml  appeared  optimal 

There  was  considerable  variation  in  the  sen- 
sitivity of  antibody  detection  by  sensitized  cells 
from  different  sheep  over  a 32-fold  dilution 
range  (Table  2'.  In  contrast,  there  was  rarely 
more  than  a twofold  change  in  antibody  titer 
when  cells  from  the  same  sheep,  sensitized  at 
the  same  time  but  used  on  different  days  or 
sensitized  at  different  times,  were  used  to  ti- 


Tadi.k  1.  Effect  of  concentration  of  Pseudomonas 
aeruginosa  exotoxin  used  to  sensitize  SRBC  on  titer 
of  PHA  antibody  of  sheep  antiserum  to  exntoxm 


Toxin  concn 

Antibody  titer 

( Hg/mli 

(log.i 

1,100 

2 

550 

3 

275 

13 

140 

15 

70 

18 

35 

17 

17 

15 

8 

14 

4 

14 

2 

2 

1 

2 

Table  2.  PHA  titers 

of  sheep  antiserum  to  exotoxin 

obtained  by  using  exotoxtn-sensitized  SRBC  from 

different  sheep 

Sheep  no. 

Antibody  titer 
<logj> 

1 

13 

2 

15 

5 

16 

8 

16 

17 

18 

trate  a "standard"  reference  serum.  Although 
all  assay  results  reported  here  were  obtained 
with  cells  coated  with  exotoxin  from  a single 
preparation,  we  have  also  successfully  coated 
cells  that  yielded  similar  titers  with  exotoxin 
from  two  other  batches  prepared  by  different 
purification  procedures  Once  sensitized.  SRBC 
stored  at  4 0 would  maintain  their  PHA  reac- 
tivity for  as  long  as  3 to  4 weeks:  after  this, 
hemolysis  became  noticeable,  and  titer  changes 
occurred 

After  initial  screening  of  erythrocytes  from 
five  different  sheep  revealed  that  the  highest 
PHA  titers  were  obtained  with  SRBC  from  ani- 
mal no.  17.  cells  from  this  sheep  were  used  in 
all  subsequent  studies.  A "standard"  sheep  hy- 
perimmune antitoxin  was  used  for  all  of  *he 
above-described  tests  as  well  as  for  a quality 
control  in  all  tests  with  human  sera. 

As  shown  in  Table  3.  PHA  antibody  to  e:;o- 
toxin  was  present  in  high  titer  in  sera  from 
hvperimmunized  rabbits,  sheep,  and  goat.  Ti- 
ters roughly  paralleled  those  obtained  by  the 
CTA  assay  but  were  two  to  eight  times  higher 
in  various  animals  (Table  3',  indicating  the 
greater  sensitivity  of  the  PHA  assay. 

In  patients  with  pseudomonas  infections,  as 
well  as  in  healthy  control  subjects,  there  was  an 
excellent  correlation  la-tween  serum  antitoxin 
titers  determined  by  CTN  and  by  PHA  (r  - 
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Tablk  3.  CnmfHtnson  of  PHA  and  i'TN  antitoxin 
titers  of  sera  from  different  animals  immunized  with 
purified  Pseudomonas  aeruginosa  exo toxin 


Animal 

PHA  titer 
dog.1 

t’TN  titer 

ling.' 

Rabbits 

Elfin 

13 

12 

3N4 

13 

11 

3N2 

13 

10 

Sheep 

18 

15 

Goat 

17 

16 

0.91.  P ■>  0.001 1.  but  the  latter  assay  was  be- 
tween four  and  eight  times  as  sensitive  i Fig.  1 1. 

The  mean  PH  A titer,  expressed  as  log;  of  9.4 
* 11.9,  of  convalescent  sera  from  16  patients 
recovering  from  well-documented  acute  pseu- 
domonas infections  was  significantly  higher 
than  the  mean  titer.  2.8  * 2.6,  of  sera  from  17 
healthy  laboratory  personnel  (P  •-  0.001 1.  As 
shown  in  Fig.  2.  which  depicts  individual  PHA 
assay  results,  there  is  a rather  clear  separation 
between  the  titers  of  patients  post  infect  ion  and 
those  of  healthy  controls.  Kleven  of  seventeen 
control  subjects,  none  of  whom  had  a known 
history  of  prior  pseudomonas  infection,  had  at 
least  some  detectable  antitoxin,  although  with 
two  exceptions  PHA  titers  were  ■ 1:."2,  Like- 
wise. among  a small  group  of  seven  patients 
with  serious  bacterial,  fungal,  and  viral  infec- 
tions. no  convalescent  PHA  titers  exceeded 
1:16.  and  no  significant  rises  in  titer  were 
noted 

Five  of  seven  patients  with  acute  pseudomo- 
nas infections  from  whom  paired  sera  were  ob- 
tained demonstrated  a fourfold  or  greater  rise 
in  PHA  titer  (Fig.  3>.  The  two  nonresponsive 
patients  had  underlying  diseases  laplastic  ane- 
mia and  hairy-cell  leukemia)  that  may  have 
interfered  with  their  ability  to  produce  antibod- 
ies. The  patient  with  the  most  rapid  and  dra- 
matic rise  in  antitoxin  titer,  from  an  acute  titer 
of  1:64  to  a convalescent  titer  of  1:128,000  in  less 
than  2 weeks,  had  had  a well-documented  hac- 
teremic  pseudomonas  infection  during  a pre- 
vious hospitalization  and  thus  may  have  heen 
manifesting  an  accelerated  or  anamnestic  re- 
sponse. 

Studies  performed  on  acute  and  convalescent 
specimens  from  several  patients  revealed  PHA 
antibody  to  hi-  2-MK-resistant  and  associated 
with  the  second  (immunoglobulin  ( » ' protein 
peak  obtained  bv  Sephadex  G-200  gel  filtration 
chromatography  of  whole  sera. 

MS<rSSION 

Our  PHA  assay  for  antibody  to P.  aeruginosa 
exotoxin  is  simple  to  perform,  rapid,  sensitive. 


20  r- 


l i . . i i l i i » i l i I 1 i 

' 4 A (*  .’  8 <♦  V ' ,5  >4 

l'*  V’Ok'v'  7 y 84!  u’RAi  1/lNi.  iiog.  .•!  .pux  O' 

Fig.  1.  Correlation  betuven  antitoxin  titers  ob- 
tained by  PHA  and  by  ('TN  assays  fH’rformed  on  40  ; 

serum  samples  from  patients  with  P.  aeru#mosa  m-  j 

feetions  and  normal  eon  trots.  The  regression  line 

shown  was  computed  by  the  method  of  least  squares.  j 
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Fig.  2.  Serum  PHA  antitoxin  titers  of  16  patients 
convalescing  from  P.  aeruginosa  infections  computed 
with  I 7 healthy  control  subjects  with  no  prior  history 
of  infection.  Mean  titers  * / standard  deviation  arc 
indicated  by  brackets 
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SAMPLES  (DAYS) 

Fig.  3.  Acute  and  convalescent  serum  PHA  anti- 
toxin titers  of  seven  patients  with  acute  P . aeruginosa 
infections. 

and  reproducible.  Antitoxin  titers  obtained  by 
this  assay  correlate  well  with  those  measured 
bv  our  previously  described  OTN  assay,  and  the 
newer  method  is  between  four  and  eight  times 
as  sensitive. 

The  demonstration  of  high  serum  PHA  anti- 
toxin titers  in  patients  convalescing  from  pseu- 
domonas infections,  compared  with  healthy 
controls,  and  the  significant  titer  rises  found  in 
some  of  the  patients  studied  sequentially  pro- 
vide immunological  evidence  for  the  in  vivo 
release  of  toxin  during  systemic  infections  in 
amounts  sufficient  to  elicit  antibodies.  The 
lower  antitoxin  titers  demonstrated  in  11  of  17 
healthy  controls  suggest  acquisition  of  anti- 
toxin by  normal  subjects,  resulting  from 
asymptomatic  infection  or  colonization. 

The  survival  of  all  five  patients  who  showed 
PHA  titer  rises  and  the  death  of  one  of  two 
patients  who  did  not.  as  well  as  the  demonstra- 
tion of  high  antitoxin  titers  in  most  survivors  of 


pseudomonas  infections,  suggest  a protective 
effect  of  serum  antitoxin.  The  protection  af- 
forded pseudomonas-infected  mice  by  the  prior 
administration  of  antitoxin  serum  (O.  Pavlov- 
skisand  M.  Pollack,  unpublished  datai  leads  to 
a similar  conclusion.  Sequential  PHA  titers  are 
now  being  determined  in  a larger  group  of  pa- 
tients with  pseudomonas  infections  to  establish 
this  possible  relationship  between  serum  anti- 
toxin levels  and  prognosis. 

In  addition  to  its  usefulness  in  helping  to 
delineate  the  possible  path-'genic  role  of  exo- 
toxin and  the  protective  efTecl  of  t 'in  specific 
antibodies,  the  measurement  of  pseudomonas 
antitoxin  in  human  sera  by  the  PHA  assay  may 
prove  diagnostically  useful.  Supporting  this 
conclusion  are  the  ubiquity  of  exotoxin  among, 
and  its  specificity  for,  P.  arruginnsa  strains  ( 5 ' . 
its  apparent  lack  of  important  cross-reactivity 
with  other  bacterial  antigens  (5>.  the  frequency 
and  relative  ease  of  measuring  antitoxin  re- 
sponses in  infected  patients,  and  the  rather 
clear  separation  between  the  higher  antitoxin 
levels  found  in  clinically  infected  patients  and 
the  lower  or  absent  titers  found  in  uninfected 
control  subjects. 

ACKNOWLEDGMENTS 

Wp  thank  Lynn  T Callahan  for  supplying  exotoxin. 
Richard  Wistar.  ,Ir  . for  his  helpful  advice,  and  Emilio 
Weiss  and  John  B Robbins  for  reviewing  the  manuscript 

LITERATI  RE  CITED 

1.  Callahan.  I..  T.  1974  Purification  and  characterization 

of  Pseudomonas  aeruginosa  exotoxin  Infect  Immun 
9:113-118. 

2.  Callahan.  L.  T.  1976  Pseudomonas  aeruginosa  exo- 

toxm:  purification  by  preparative  polyacrylamide  gel 
electrophoresis  and  the  development  of  a highly  spe- 
cific antitoxin  serum  Infect  Immun  14:55-61 . 

3 Gold.  E.  R..  and  H.  H.  Fudenberg.  1967  Chromic  chlo- 
ride: a coupling  reagent  for  passive  hemagglutination 
reactions.  J.  Immunol.  99:859-866. 

4.  Pollack.  M..  L.  T.  Callahan,  and  N.  S.  Taylor.  1976 
Neutralizing  antibody  to  Pseudomonas  aeruginosa 
exotoxin  in  human  sera:  evidence  for  in  vivo  toxin 
production  during  infections.  Infect  Immun  14:942- 
947 

5 Pollack.  M..  N.  S.  Taylor,  and  L.  T.  Callahan.  1977 
Exotoxin  production  by  clinical  isolates  of  Pseudomo- 
nas aeruginosa  Infect  Immun.  15:776-780 

6.  Vyaa.  G.  N..  H.  H.  Fudenberg.  H.  M.  Pretty,  and  E.  R. 
Gold.  1968  A new  method  for  genetic  typing  of  hu- 
man immunoglobulins  J Immunol.  100:274-279 


jtap -r1'  ■ 


